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ABSTRACT  27 
Lower stocking densities are sometimes used in windowed houses for broilers as part of 28 
systems designed to produce high welfare products.  However there is little scientific 29 
information on the effects of stocking density (SD) on welfare-related measures in broilers in 30 
windowed houses, and on whether these effects are influenced by environmental enrichment. 31 
Commercial windowed broiler chicken houses were assigned to four target SD’s (30, 32, 34 32 
and 36 kg/m2) and two levels of access to string (+S (one piece per 1 000 birds/house), -S) in 33 
a 4 x 2 factorial arrangement. Treatments were applied in one of four houses on each of two 34 
farms, and replicated over ten production cycles.  Levels of lying behavior, apparent fear-35 
related behavior and gait score were observed in weeks 3-5. The incidence and severity of 36 
dermatitis lesions were assessed at day 30, and at slaughter. Environmental and production 37 
performance parameters were also measured. No significant treatment effects were obtained 38 
for levels of lying or fear-related behavior, final body weight, presence of dermatitis lesions 39 
at slaughter, or percentage of downgraded carcasses.  There were no significant treatment 40 
effects on measures of gait, but the percentage of birds with gait score of ≥2 tended to 41 
increase at higher SD’s. The severity of dermatitis lesions at day 30 increased with increasing 42 
SD, and was significantly greater at densities of 34 and 36 kg/m2, than of 30kg/m2.  Litter 43 
moisture content was not significantly affected by treatment, which may have reflected a 44 
numerical decline in water consumption with increasing SD.  Results suggest that increasing 45 
SD is a risk factor for more severe dermatitis, however increasing density from 30 to 32 46 
kg/m2 did not significantly affect this variable. In addition, the proportion of lame birds, 47 
levels of lying behavior and performance were not significantly affected by increasing SD. 48 
Providing suspended string at typical commercial levels did not have beneficial effects on 49 
welfare-related measures, and further research should perhaps investigate effects of greater 50 
levels of provision.  51 
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INTRODUCTION 57 
There is anecdotal evidence of an increased use of windowed housing for broiler 58 
chickens in the UK, and this is supported by the fact that these systems are now 59 
recommended as part of the UK Assured Chicken Production quality assurance scheme 60 
(Assured Food Standards (AFS) Poultry Standards - Broilers & Poussin v3.0, 2014). 61 
However there is very little applied research on how to manage these systems such that 62 
optimum welfare and production efficiency is achieved.  The effect of stocking density is key 63 
in this respect. A number of the major British retailers offer high welfare chicken products 64 
which require birds to be stocked at a maximum density of 30kg/m2 within windowed house 65 
systems. This is consistent with the minimum requirements of the UK Royal Society for the 66 
Protection of Animals (RSPCA) freedom foods welfare assurance scheme (RSPCA Welfare 67 
Standards for Chickens, 2013). However the effect of increasing stocking density on welfare, 68 
and also on performance parameters, has not been scientifically assessed within windowed 69 
systems to determine if adverse effects occur.  Previous research has shown that providing 70 
natural light to commercial broiler chickens increases activity levels and improves litter 71 
quality (Bailie et al., 2013), and it is possible that these effects may help to mitigate potential 72 
adverse effects on welfare associated with increasing stocking density.  73 
As meat yield per unit of space increases with increasing density (Puron et al., 1995; 74 
Feddes et al., 2002), increasing the stocking density within these systems would allow for a 75 
significant increase in economic return, even taking into account the extra feed costs incurred 76 
by rearing additional birds. In addition, heating outlay may actually reduce in more densely 77 
stocked flocks; helping to offset these extra costs.  However, results from past research 78 
suggest that broiler health and welfare may be compromised at stocking densities of 34 kg/m2 79 
and above (Estevez, 2007). In research carried out with broilers under artificially-lit 80 
conditions, high stocking densities have previously been associated with a reduction in 81 
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locomotion and exploratory behaviors ( Febrer et al., 2006), with increased disturbance of 82 
resting behavior (Martrenchar et al., 1997; Febrer et al., 2006), and with increases in leg 83 
health problems such as pododermatitis and hock lesions (Martrenchar et al., 1997).  84 
Environmental enrichment has previously been shown to reduce fearfulness (Jones, 85 
1996), inactivity and lameness in poultry (Kells et al., 2001; Bailie et al., 2013; Bailie and 86 
O’Connell, 2015) and may therefore influence the extent to which increasing stocking density 87 
affects broiler welfare. In particular, the provision of suspended string has been shown to 88 
exert a positive impact on the walking ability of commercial broilers reared in natural light 89 
(Bailie and O’Connell, 2015).  90 
As mentioned, previous research has examined the effects of providing broiler 91 
chickens with access to natural light through windows on welfare-related measures (Bailie et 92 
al., 2013). The aim of the current study was to investigate the effects of stocking density and 93 
the provision of string on activity levels, apparent fearfulness, leg health and productivity of 94 
commercial broiler chickens reared within windowed houses. We hypothesised that 95 
fearfulness would increase and activity levels, leg health and productivity would decline with 96 
increasing stocking density and that the provision of string would mitigate at least some of 97 
these adverse effects.   98 
 99 
MATERIALS AND METHODS 100 
Treatments and experimental design 101 
The effects of stocking density (SD) and the provision of string (S) on the welfare of 102 
commercial broiler chickens was assessed in 4 x 2 factorial arrangement which took place in 103 
Northern Ireland between May 2013 and November 2014. The numbers of birds placed in 104 
each house were manipulated in order to produce target stocking densities of 30, 32, 34 and 105 
36 kg/m2 which equated to initial densities of 17, 18, 19 and 20 birds/m2 and, allowing for 106 
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mortality, thinning of the flock and an end weight of 2.5 kg, resulted in maximum final 107 
densities of 12, 13, 14 and 15 birds/m2. The target densities at which houses were stocked 108 
within the current trial conformed to the legislative requirements found in the EU broiler 109 
directive (Council Directive 2007/43/EC), and were perceived to be representative of the 110 
range of stocking densities most likely to be implemented by the UK poultry industry in 111 
windowed houses at this time. Multiple pieces of string (one piece per 1000 birds, each 112 
measuring 60 cm x 10 mm) were distributed as evenly as possible throughout the house in the 113 
string (S) treatments. One piece of string was tied at its mid-point to the wire above each of 114 
the four feeder lines within the house at approximately even intervals. String was presented at 115 
the midpoint between individual feeders. The wire was positioned 33 cm above the litter at 116 
the beginning of the rearing cycle and was gradually raised to a maximum height of 117 
approximately 50 cm above the litter (as feeders were raised to encourage growing birds to 118 
feed in a standing position). The ends of the string were therefore situated between 3 and 20 119 
cm above the litter at different points in the rearing cycle depending on the growth rate of the 120 
birds. 121 
Eight houses were selected for this study, and included two matched pairs of houses 122 
on each of two farms. On Farm 1 Pair 1 comprised Houses 1 and 2, and Pair 2 comprised 123 
Houses 3 and 4. On Farm 2 Pair 3 comprised Houses 5 and 6 and Pair 4 comprised Houses 7 124 
and 8.  All eight houses were of an identical rectangular design and had the same number of 125 
windows, with the exception that Pair 1 and 3 houses had a central doorway and Pair 2 and 4 126 
houses had a door that was offset to either the right or left.  Orientation of houses also 127 
differed between farms (Figure 1). The birds used were part of the normal commercial 128 
enterprises of the company and each treatment was replicated 10 times, with each treatment 129 
randomly presented in one of the eight houses each cycle (Supplementary Table). In each 130 
cycle, the date when chicks were placed was matched exactly for all four houses on each 131 
7 
 
farm and did not differ by more than a week between the farms. Ethical approval for the 132 
study was granted by the School of Biological Sciences Animal Research Ethics Committee 133 
at Queen’s University, Belfast (Approval reference number QUB-BS-AREC-16-002). 134 
 135 
Animals, husbandry and housing 136 
A total of 1 970 000 Ross 307 broiler chickens (Aviagen Ltd, UK) were used in this 137 
experiment. Birds were placed in houses ‘as hatched’, resulting in mixed sex houses. An 138 
average of 38% of birds per house were removed early for slaughter (‘thinned’) after day 31 139 
of the production cycle, and the remaining birds were removed between days 36 and 44  140 
(‘final clearing’). Stocking densities did not exceed 36 kg/m2 at any stage of the production 141 
cycle.  Temperature, ventilation and feeding regimes, sources and blends were identical 142 
between houses. Birds were fed on an ad libitum basis and received 3 different commercially-143 
available diets across the production cycle. Houses 1, 2, 3 and 4 contained 354 feeders and 1 144 
970 drinkers, and Houses 5, 6, 7 and 8 contained 348 feeders and 2 260 drinkers. These 145 
numbers remained fixed across the rearing cycle.  All drinkers were of the nipple variety and 146 
included cups. 147 
The artificial lighting regime was identical across all houses (see Bailie et al., 2013).  148 
The dark period was between 2300 and 0500 hours for Farm 1 and between 0000 and 0600 149 
hours for Farm 2. Both lights and shutters, which blocked external light, were automatically 150 
controlled using timers. The artificial light source in all houses consisted of 2 rows of 24 151 
fluorescent strip lights running parallel to each other along the length of the house.  152 
Large gas pan heaters were placed in 2 uniform lines down the length of all houses. 153 
Straw bales (2 per 1 000 birds), each measuring 800 x 400 x 400 mm, were dispersed evenly 154 
throughout each house from day 10 of the rearing cycle. Sixty-six kg of wood shavings per 155 
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thousand birds was placed in the house for bedding prior to the birds arriving. Additional 156 
shavings were added to specific areas of the houses when deemed necessary by the farmer. 157 
 158 
 159 
Measurements 160 
Behavioral Observations. Behavior was assessed during two days each week between 161 
weeks 3 and 5 of the rearing cycle. Video observations of lying behavior (as a measure of 162 
general inactivity) were made on day 1, and a fearfulness test and gait scoring were 163 
conducted on day 2. All behavioral observations were taken between the hours of 0900 and 164 
1700. The entire house was mapped and virtually divided into thirty-six equal size quadrants.  165 
 166 
On each farm, two video cameras on tripods were employed to record lying behavior 167 
in one house from each of the two pairs of houses simultaneously, before repeating the 168 
procedure in the second house of each pair. The house in which initial observations were 169 
carried out was alternated on a weekly basis for each pair of houses. Video recordings were 170 
taken in four quadrants per house per week. Quadrants were preselected using a random 171 
number table and a different set was chosen each week (with the same quadrants used across 172 
houses within a week). Quadrants that were selected did not contain strings or straw bales in 173 
order to ascertain whether or not the presence of enrichment stimulated increased activity in 174 
the population as a whole.  In addition, quadrants were categorized as either ‘edge’ or 175 
‘centre’ quadrants, and were selected in pairs for video recording, each pair comprising one 176 
edge and one centre quadrant.   177 
The quadrant was filmed for a period of 15 min in the absence of the researcher.  The 178 
birds did not appear to show significant interest in the tripods when they were placed in the 179 
house, but the first 5 min of film was cut from all videos in order to ensure a settling period 180 
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had been imposed after the exit of the researcher from the house. Instantaneous scan 181 
sampling for each 10 minute clip involved recording both the total number of birds and the 182 
numbers of birds lying at 180 second intervals.  The percentage of birds lying was then 183 
determined.  184 
 185 
A novel object test to determine apparent fearfulness was conducted in one randomly-186 
selected quadrant in each house each week. The same quadrant was used in all houses within 187 
a given week.  The experimenter gently placed a novel object upright among the birds and 188 
walked to a distance of approximately 4 m away. The latency of the first bird to approach and 189 
contact the object after it had been placed on the ground was measured using a stop watch. If 190 
no bird approached the object within 10 min a maximum latency of 600 s was recorded and 191 
the test was terminated. The number of times the object was contacted in the 60 s following 192 
the first contact with the object was also recorded, along with the number of birds within 50 193 
cm of the object at 600 s. In order that the latter measure is representative of the degree of 194 
fearfulness rather than simply stocking density differences, the difference between the 195 
number of birds expected within a 50 cm radius of the novel object and the actual numbers of 196 
birds recorded within this area was calculated for each treatment. The total floor area and 197 
number of birds per house were used to calculate the expected number of birds in the area 198 
around the NO (assuming an equal distribution of birds across the house). In order to prevent 199 
habituation, a different novel object was used in all houses each week; a green plastic 200 
watering can, a 750 ml clear water bottle filled with water containing red food colouring and 201 
a blue cool box. However, the same novel object was presented in all houses during the same 202 
week throughout all cycles. 203 
 204 
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Walking ability was assessed using spontaneous gait scoring. Each assessment was 205 
performed in 25 quadrants in each house on day two of each week. Quadrants were randomly 206 
selected each week with the added provision that each quadrant was only selected once. 207 
During the first four monitored cycles of this experiment an ‘x’ was drawn on a randomly 208 
chosen section of a perspex grid divided into thirty-six 5 cm² squares (Kells et al., 2001). The 209 
Perspex was held up at arm's length at the edge of the selected quadrant. The bird observed 210 
closest to the ‘x’ was gait scored. The same protocol was followed during cycles five-ten with 211 
the exception that the selected bird in each quadrant was videoed for at least 10 steps and gait 212 
scored at a later date.  Gait scoring was performed by the same researcher throughout the trial 213 
and was scored on a scale of 0-5 where 0 = normal movement and 5 = unable to walk (Kestin 214 
et al., 1992).  The selection, gait scoring/ videoing of birds was conducted within 1 house 215 
before moving on to a subsequent house on a given farm, and the first house used in 216 
observations was alternated weekly. The proportion of birds in each treatment assigned a 217 
score of 3 or above (deemed to be lame) and assigned a score of 2 or above was ascertained 218 
from gait score data.  219 
 220 
Dermatitis measurements. The severity of hock burn and pododermatitis lesions was 221 
scored by the same veterinarian in all treatments at day 30 of the rearing cycle.  This involved 222 
corralling a number of birds into a wire pen placed in a randomly preselected area of the 223 
house. Pens were placed in identical areas within all houses in order to limit possible 224 
placement effects. Twenty five birds (2 000 birds in total across the experiment) were then 225 
removed from the pen individually and the foot pads of both feet and hocks washed with a 226 
damp cloth. Both pododermatitis and hock burn were scored using the 5 point Welfare 227 
Quality recommended scale (Welfare Quality™: Assessment of animal welfare measures for 228 
layers and broilers, 2009) with 0=no lesion and 4=very severe lesion. For each measure, the 229 
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bird was assigned the highest score observable on either leg/foot.  The score assigned to each 230 
bird for both pododermatitis and hock burn was summed to create an overall dermatitis 231 
severity score.    232 
The prevalence of pododermatitis and hock burn at slaughter was also recorded by 233 
slaughterhouse staff in birds that were ‘thinned’ and slaughtered at the final house clearing.  234 
All ten personnel involved in this scoring received identical industrial training in how to carry 235 
out these assessments and birds were assessed in a standardised way (as in Bailie et al., 236 
2013).  Briefly, this involved assessing the presence or absence of hock burn in 200 birds at 237 
thinning and 200 birds at slaughter. Two-hundred feet from birds at thinning and 200 feet 238 
from birds at clearing were examined for the presence of pododermatitis. The presence of 239 
pododermatitis and hock burn was recorded when lesions larger than a match head, or 3mm 240 
in width, were evident on the sole of the foot or on the hock, respectively.  241 
 242 
Litter moisture content. During weeks 5 and 6 of the rearing cycle samples of litter 243 
were taken from 8 random areas throughout the house. Four samples were taken from the 244 
edge and four from the centre of the house, and therefore sampling was balanced for 245 
proximity to drinkers across treatments. Samples were stored in plastic bags and transported 246 
in a cool box to limit drying. Samples were thoroughly mixed to produce a 100 g whole 247 
house sample and dried at 70 ◦C for 24 hours. The dry matter percentage of the litter was then 248 
assessed by weighing the litter before and after drying (McLean et al., 2002). 249 
 250 
Productivity and mortality. The cumulative percentage of dead birds (culled or 251 
mortalities) and water consumption per thousand birds at day 30 of the rearing cycle were 252 
recorded for each cycle in each house using company records. Slaughter weights and the 253 
percentage of birds downgraded at slaughter were taken from abattoir records for birds that 254 
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were ‘thinned’ or slaughtered at the final house clearing.  The farmers culled as normal 255 
throughout the study.  256 
 257 
Statistical Analysis  258 
Data were analysed using IBM SPSS Statistics (v22). Due to equipment malfunction 259 
and operational issues approximately 10% of the video files for scan sampling and 11% of 260 
gait scores were missing. A smaller number of novel object test and environmental data were 261 
also missing. However the majority of these missing data were balanced across treatment 262 
groups.  Restricted Maximum Likelihood (REML) analysis of linear mixed models was used 263 
to assess the effects of ‘stocking density’, ‘provision of string’ and ‘week’ on variables 264 
recorded in weeks 3, 4 and 5.  These variables included lying behavior, novel object test 265 
behaviour and the percentage of birds in different gait score categories.  The random factor 266 
used in these analyses was ‘Cycle(House)’ and the covariance structure was ‘variance 267 
components’. For variables that were only recorded at one timepoint in the production cycle, 268 
and therefore where effects of ‘week’ were not being explored, a repeated measures model 269 
was chosen.  This involved a linear mixed model (with ‘cycle’ as the repeated effects and 270 
‘house’ as the subject variable) which was used to assess the effects of ‘stocking density’ and 271 
‘provision of string’ on litter moisture content, water consumption, the cumulative proportion 272 
of dead birds, the summed dermatitis severity score at day 30, and on average weight and 273 
incidence of podo dermatitis and hock burn at slaughter.  The covariance structure in these 274 
analyses was first-order autoregressive.  Choice of covariance structure used was based on 275 
optimal model fit.  All main effects and interactions were determined in analyses, and all 276 
significant effects (P < 0.05) are presented in the results section.  Results were adjusted for 277 
effects of multiple comparisons using a Bonferroni adjustment.  Some percentage data were 278 
converted to proportions and subjected to Arcsine square root transformation prior to analysis 279 
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(including lying behavior, the percentage of birds that were downgraded at slaughter, the 280 
cumulative percentage of dead birds at day 30 and the percentage of birds with a gait score of 281 
at least 2 or 3). Back-transformed mean values are presented in the results section.  Kruskal-282 
Wallis tests were used to determine the effects of stocking density and string treatments on 283 
ranked data relating to pododermatits and hock burn severity scores (average scores are 284 
presented in results).   285 
 286 
 287 
 288 
 289 
  290 
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RESULTS 291 
 292 
Behavioral Observations 293 
Lying behavior. Although no significant effects of stocking density and string 294 
treatments were found, the percentage of birds observed lying was affected by week (F (2, 781) 295 
= 29.55, P < 0.001, Table 1).   296 
 297 
Novel object test. Results showed no significant effect of stocking density or string 298 
treatment on the latency to touch a novel object, on the standardised number of birds within 299 
50 cm of a novel object at 600 s, or on the number of contacts with the novel object in the 60 300 
s following the first contact occurring (Table 1).  301 
Age had a significant effect on latency to touch a novel object, which decreased 302 
significantly between weeks 4 and 5 (F (2, 143) = 5.44, P<0.01, Table 1). There was also a 303 
significant decrease in the standardised number of birds within 50 cm of the novel object 304 
across each week ((F(2, 141) = 13.86,  P<0.001). The number of contacts with the novel object 305 
in the 60 s following the first contact occurring did not differ significantly between weeks. 306 
 307 
Gait score  308 
There was no significant effect of stocking density or string treatment on the 309 
percentage of lame birds (i.e. birds assigned a gait score of 3 or above).  Although no 310 
significant difference was found, there was a tendency for the percentage of birds with a gait 311 
score of 2 or more to increase at higher stocking densities (F (3, 188) = 2.16, P < 0.1) (Table 1). 312 
There were significant age effects on gait score variables, with percentages of birds 313 
with gait scores of at least 2, or of at least 3, increasing significantly between each of weeks 314 
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3, 4 and 5 (gait score ≥ 2: F (2, 188) = 344.8, P < 0.001; gait score ≥ 3:  F(2, 127) = 253.4, P < 315 
0.001; Table 1).   316 
 317 
Incidence and severity of dermatitis  318 
On-farm recordings at day 30 of the rearing cycle found evidence of dermatitis (hock 319 
burn, pododermatitis or both) on 88% of birds (75.7% had pododermatitis and 39.6% had 320 
hock burn).  There was no significant effect of stocking density or string treatment on the 321 
individual severity score for either hock burn or pododermatitis lesions recorded at day 30 322 
(Table 2).  However, the combined score for severity of dermatitis lesions (sum of hock burn 323 
and pododermatitis scores) differed significantly between stocking density treatments, and 324 
was greater in birds reared at 34 and 36 kg/m2 compared to birds reared at 30 kg/m2 (F (3, 50) = 325 
3.65, P<0.05, Table 2). There was no significant effect of string treatment on this variable.  326 
There was no significant effect of stocking density or string treatment on the 327 
individual prevalence of hock burn and pododermatitis lesions recorded at the abattoir (Table 328 
2).  329 
 330 
Culls, mortality and productivity 331 
Results showed no significant effect of stocking density or string treatment on the 332 
percentage of downgraded carcasses and mean body weight recorded at the abattoir (Table 2). 333 
In addition, there were no significant treatment effects on the percentage of birds that had 334 
died by day 30 of the cycle. 335 
There was no significant effect of stocking density or the provision of string on water 336 
consumption per thousand birds recorded at day 30 of the rearing cycle. However, there were 337 
numerical differences between stocking density treatments which suggested a decrease in 338 
water consumption per 1000 birds as stocking density increased (Table 2). 339 
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  340 
Litter moisture content 341 
There were no significant treatment effects on percentage litter moisture content 342 
(Table 2).  343 
  344 
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DISCUSSION 345 
The current study evaluated the effects of stocking density and environmental 346 
enrichment with string on a range of variables in broiler chickens kept in commercial 347 
windowed houses.  Past research suggests that broiler activity levels decrease with increasing 348 
stocking density and group size (Lewis and Hurnik, 1990; Newberry and Hall, 1990; Andrews 349 
et al., 1997; Estevez et al., 1997; Hall, 2001). Despite this, increasing the density at which 350 
birds were stocked had no significant effect on levels of lying behavior within the current 351 
trial. Incremental differences between the target densities to which houses were stocked, 352 
though commercially relevant, were relatively small (1 bird per m2) compared to those 353 
implemented in past research (eg. Lewis and Hurnik, 1990; Estevez et al., 1997; Hall, 2001).  354 
This may also explain why adverse effects of increasing stocking density on production-355 
related measures such as body weight at slaughter were not observed.  Previous research by 356 
Dawkins et al. (2004) found adverse effects on growth rate, however larger incremental 357 
increases in stocking density were evaluated. As with past research (Bailie and O’Connell, 358 
2015), there was no significant effect of the provision of string, in the amount often provided 359 
on commercial farms within the UK, on general activity levels of birds when they were away 360 
from the string.  361 
Despite the potential of environmental enrichment to reduce fear in poultry (Jones, 362 
1996), results from the current study are in agreement with those of past research suggesting 363 
that the provision of string had no effect on reaction to a novel object, and hence apparent 364 
fearfulness, in commercial broilers reared in windowed houses (Bailie and O’Connell, 2015). 365 
Past research has indicated a reduction in tonic immobility (TI) duration in birds reared at 366 
reduced stocking densities; suggesting that stocking density may be a factor in the ontogeny 367 
of fear in broiler chickens (Andrews et al., 1997; Sanotra et al., 2002). However, no 368 
difference in reaction to a novel object was apparent between stocking density treatments 369 
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within the current trial. The stocking densities of birds tested for fearfulness within past 370 
literature tended to be lower (Andrews et al., 1997) or higher (Sanotra et al., 2002) than the 371 
range of target densities implemented within this trial and the incremental differences in 372 
density between groups included in both of these past trials was higher. Stocking density was 373 
also manipulated in the current trial by altering the numbers of birds placed in houses. It is 374 
therefore possible that a greater number of birds were initially closer to the novel object at 375 
higher stocking densities, potentially resulting in a decreased latency to approach the objects 376 
in these flocks, and confounding fearfulness with space allowance. For this reason, TI may 377 
have been a more appropriate measure of fear, and the apparent absence of a difference in 378 
fearfulness between treatments may have been due to methodological shortcomings.  379 
It has been suggested that the reduction in the distance travelled by broilers stocked at 380 
high densities, and the resultant decline in activity levels, may negatively influence walking 381 
ability (Lewis and Hurnik, 1990; Estevez et al., 1997). Although the distance moved by 382 
broilers was not measured in the current study, activity levels measured through lying 383 
behavior appeared to be unaffected by increasing stocking density.  We also found no 384 
significant effect of stocking density on the proportion of lame birds, although the proportion 385 
of birds with a gait score of at least 2 appeared numerically higher at densities of 34 and 386 
36kg/m2 than at 30 or 32kg/m2.  Previous research, conducted on birds reared at a stocking 387 
density of 30 kg/m2, indicated a positive effect of suspended string on walking ability in 388 
certain weeks of the production cycle (Bailie and O’Connell, 2015).  Investigations of 389 
interactions between treatment and week in the current study did not yield similar findings in 390 
relation to the percentage of birds with gait scores of at least 2 or 3.  These findings, coupled 391 
with those of previous work (Bailie and O’Connell, 2015), suggest that provision of pecking 392 
objects in the form of string at levels provided commercially (e.g. one piece of string per 393 
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1000 birds) is not likely to lead to strong and consistent beneficial effects on broiler leg 394 
health.  395 
Dermatitis lesions also have the potential to adversely affect the movement of birds 396 
(Harms and Simpson, 1975; Hester, 1994), and it is possible that the increases in the severity 397 
of these lesions (observed at day 30 of the rearing cycle) contributed to the apparent 398 
(although not statistically significant) increase in birds with poorer gait scores at higher 399 
stocking densities.  Past research has also found that dermatitis increases with increasing 400 
stocking density in broilers (eg. Sorensen et al., 2000; Hall, 2001; Dozier et al., 2006). This 401 
was previously reported to reflect increased litter moisture at higher stocking densities 402 
(Dozier et al., 2006), however this measure did not differ significantly between stocking 403 
density treatments in the current study.  It is possible that other litter quality characteristics, 404 
such as level of ‘caking’ (Shepherd and Fairchild, 2010) differed between stocking density 405 
treatments in the current study and affected dermatitis levels, however this was not assessed. 406 
It is clear that differences existed between levels of dermatitis recorded at the abattoir 407 
and directly on farm (on day 30 of the cycle).  Abattoir data suggested an average prevalence 408 
of 56 % and 15 % for pododermatitis and hock burn, respectively, whereas on-farm records 409 
suggested corresponding figures of 76 % and 40 %.  This suggests that on-farm monitoring of 410 
a smaller number of birds using a 5 point scale, rather than the 3 and 2 point scales used for 411 
abattoir monitoring of pododermatitis and hock burn respectively, is more sensitive in 412 
detecting the incidence of dermatitis, while also providing more detailed information on the 413 
severity of lesions. These data collected on farm also clearly demonstrated that the vast 414 
majority of birds monitored displayed evidence of pododermatitis by week 5 of the cycle. 415 
Differences in data collected on farm and from the abattoir may also have been due to the 416 
experience level of observers, speed of observations (which is likely to be much faster at the 417 
abattoir) and differences in light conditions. As the number of birds scored at the 418 
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slaughterhouse outweighed those scored on farm, it is also possible that the slaughterhouse 419 
data was a better representation of the flock as a whole.     420 
 421 
 422 
In conclusion, the increase in severity of dermatitis shown at higher stocking densities 423 
in the current study suggests that increasing stocking density within windowed houses is a 424 
risk factor for reduced leg health.  No evidence of increased lying behavior or litter moisture 425 
at higher stocking densities was found, and it is suggested that dermatitis effects possibly 426 
reflected other litter quality aspects such as level of ‘caking’.  The effects on leg health 427 
shown in this study were not accompanied by increases in clinical lameness or mortality, or 428 
by reduced performance, and this may perhaps reflect the relatively small incremental 429 
changes in stocking density that were investigated.  The provision of suspended string as a 430 
form of environmental enrichment at levels typically provided commercially did not 431 
significantly affect any of the variables measured.  Further research should perhaps 432 
investigate if greater levels of provision of pecking objects such as string lead to significant 433 
effects on activity levels and leg health in commercially-reared broiler chickens.  434 
 435 
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Table 1 Main effects of stocking density, provision of string and bird age on lying behavior, novel object test behavior and percentage of birds 
in different gait score categories  
 
 
The effects of stocking density, provision of string and week were determined through Restricted Maximum Likelihood (REML) analysis of a linear mixed model with 
‘Cycle(House)’ as the random factor.  All interactions were determined, but none reached statistical significance. *Subjected to arcsine square root transformation prior 
to analysis and back-transformed means presented.  a,b,c means in the same row with a different superscript differ significantly.  
 
 
 
 
  Stocking Density (SD) (kg/m2)   String (S)  Age    
    
  30 32 34 36  +S -S  Wk3 Wk4 Wk5  p(SD) p(S) p(Age) 
Percentage of birds lying*   75.4 74.8 76.3 75.6  75.0 76.0  67.1a 80.5b 78.9b  0.96 0.51 <0.001 
Novel object (NO) test:                 
  Latency to touch NO (s)  514 527 484 489  503 504  505ab 540b 465a  0.96 0.49 <0.01 
  Number of touches of    
  NO within 60 s 
 1.1 1.2 1.3 1.1  1.1 1.3  1.1 1.3 1.2  0.59 0.99 0.92 
  Adjusted number of    
  birds within 50 cm of NO 
 7.0 7.5 7.7 6.6  8.1 6.3  9.8c 7.5b 4.3a  0.92 0.15 <0.001 
Percentage of birds with 
gait score ≥2* 
 27.2 26.2 30.8 29.2  28.5 28.2  3.6a 22.6b 58.9c  0.09 0.72 <0.001 
Percentage of birds with 
gait score ≥3 (deemed to be 
lame)*  
 6.3 5.1 8.2 6.3  6.7 6.3  0.7a 2.1b 16.7c  0.16 0.69 <0.001 
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Table 2 Main effects of stocking density and string treatments on measures of dermatitis severity, mortality, carcass quality, water consumption and litter quality 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Hock burn and pododermatitis lesions scored separately (0-4) and the highest score on either leg assigned to each animal.  Kruskal-Wallis tests were then used to 
determine effects of stocking density and string treatments on ranked data relating to these scores (average score values presented).  For other variables, the effects of 
stocking density and provision of string were determined through REML analysis of a linear mixed model with ‘cycle’ as the repeated effects and ‘house’ as the subject 
variable.  Interactions were determined but none reached statistical significance. 1Represents the sum of hock burn and pododermatitis scores. †Converted to proportions 
and subjected to Arcsine square root transformation prior to analysis. Back-transformed mean values are presented.  
 
 Stocking Density (SD) (kg/m2)   String (S)    
  
 30 32 34 36  +S -S   p(SD) p(S) 
Severity of hock burn lesions at 
day 30* 
1.6 1.6 1.6 1.6  1.6 1.6   0.99 0.74 
Severity of pododermatitis 
lesions at day 30* 
2.4 2.6 2.7 2.7  2.5 2.7   0.67 0.50 
Severity of dermatitis lesions at 
day 301 
4.0a 4.2ab 4.3b 4.4b  4.1 4.3   <0.05 0.18 
Incidence of hock burn at 
slaughter (%) 
15.1 14.7 16.7 16.0  15.3 15.9   0.75 0.66 
Incidence of podo dermatitis at 
slaughter (%) 
59.3 57.0 48.1 54.7  53.6 55.9   0.14 0.55 
Cumulative proportion of dead 
birds by day 30 (%)† 
2.6 2.5 2.4 2.3  2.5 2.4   0.22 0.58 
Bodyweight at slaughter (g) 2167 2129 2137 2137  2140 2146   0.72 0.80 
Downgraded carcasses (%)† 1.49 1.63 1.36 1.37  1.47 1.45   0.52 0.83 
Water consumption per thousand 
birds at day 30 (L) 
233 220 212 210  218 220   0.13 0.74 
Litter moisture content (%) 32.3 30.0 31.1 31.4  31.4 31.0   0.87 0.82 
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Figure 1 Diagram showing the layout of houses on farms 1 and 2 and the total floor area available to birds in each 
house included within a study measuring the effects of stocking density and string provision on welfare-related 
measures in commercial broiler chickens in windowed houses. 
 
 
 
 
 
 
